Abstract: Polydichlorophosphazene was synthesized from hexachlorocyclotriphosphazene by high-temperature ring-opening polymerization, and poly(2-(2-methoxyethoxy) ethanol phosphazene)(MEEP) was synthesized by reacting polydichlorophosphazene with alcohol sodium. The optimal synthesis parameters were obtained and the structure of MEEP was analyzed by NMR. Then polyphosphazene electrolyte was prepared by mixing MEEP with LiCF 3 SO 3 . The results indicated that the electrolyte prepared in this paper has high decomposition temperature, and its room-temperature conductivity is up to 1.187×10 -4 S/cm.
Introduction
At present most of the lithium-ion battery has still being used liquid electrolytes because liquid electrolytes have high ionic conductivity. But liquid electrolytes contain organic solvent, thus there is leakage of liquid electrolyte during charge and discharge, which can cause security problems. In order to solve this problem, solid polymer electrolytes have rapidly developed in recent years. Polyphosphazene has many advantages such as low glass transition temperature, low crystalline, high chemical and thermal stability, good flame retardant, etc., and so has been focused on by some researchers. But the biggest problem is its relatively low room-temperature ionic conductivity [1] [2] [3] . This paper studied the preparation and performance of phosphazene polymer electrolyte through the introduction of side PEO chain on the main chain of polyphosphazene in order to increase conductivity.
Experimentals
Materials. hexachlorocyclotriphosphazene, 99%, was supplied by Shanghai Futianfu Technology Co., Ltd.; tetrahydrofuran(THF), petroleum ether (boiling range 60~90 ), benzene, ethanol, heptane, analytically rate, were supplied by Beijing Chemical Plant; metal sodium was supplied Tianjin Fuchen Chemicals, Inc.; diethylene glycol monomethyl ether was supplied by Suzhou Zhengxing Chemical Research Institute; lithium trifluoromethylsulfonic acid (Li (CF 3 )SO 3 ) was supplied by Alfa Aesar Company. Synthesis of Polydichlorophosphazene. Amp bottles were soaked with the potassium dichromate solution, and then washed several times with deionized water, dried for 4hrs at the temperature of 120 . About 5g of heachlorocyclotriphosphazene was put into 20 ml Amp bottle, and the bottles were degassed by vacuum pumps about 5min, and then sealed by melting with an alcohol burner. The sealed bottles were taken into the ceramic muffle furnace(TM-0610P, manufactured by Beijing Yingan Meicheng Scientific Instrument Co., Ltd.) for 5~25hrs at the temperature of 230~270 . MEEP Preparation. The sodium alcohol was put into 250 ml three-neck flask and heated to reach reflux, titrating the THF solution of polydichlorophosphazene, then MEEP preparation was done at the temperature of 65 for 48hrs under stirring in the atmosphere of nitrogen. After reaction, the mixture was concentrated by evaporating THF through vacuuming and the brown products was put into newly distilled petroleum ether, and brown precipitate formed. After then the product was filtrated and dried by vacuum(less than 10 mmHg of pressure) at the temperature of 80 for 8hrs. Preparation of solid polyphosphazene electrolyte. Lithium trifluoromethylsulfonic acid and MEEP were dissolved in THF under reflux state(about 60~70 ) to make uniform solutions respectively. Lithium salt solution was poured quickly into polyphosphazene solution according to the scheduled ratio of lithium salt with MEEP under continuous stirring. And then the mixture was heated to reflux temperature(about 60~70 ) and reacted for 1~2 hrs under stirring. After that most of THF solvent was removed with Rotary Evaporator, and a viscous product (solid polymer electrolyte) was obtained. The product was dried at 80 for 4hrs by Vacuum drying. Measurements. MALDI-TOF(matrix-assisted laser desorption ionization-time of flight) Mass spectrum was conducted to determine the molecular weight of MEEP by Autoflex III MALDI-TOF MS spectrometer(Bruker Corporation, Switzerland) under the condition of linear ion mode and N 2 laser source. Thermogravimetric analysis were conducted by TGA Q500(TA thermal Instrument Co., Ltd., USA) under the condition of heating rate of 10 /min and N 2 atmosphere. Ion conductivity was measured by digital conductivity meter(DSJ-308A, Shanghai Leici Instrument Factory, China) using platinum black electrode(DJS-1A, Shanghai Optoelectronic Devices Factory) in the water bath with cooling and heating. Nuclear Magnetic Resonances(NMR) were conducted by DMX-300(Bruker Spectrospin Co., Switzerland), and solvent was D 2 O for 1 H NMR, was CDCl 3 for 13 C NMR, CDCl 3 for 31 P NMR, respectively. For 13 C NMR tetramethyl silane (TMS) was taken as internal standard, and for 31 P NMR H 3 PO 4 (85wt%) was taken as the internal standard.
Results and Discussions
Ring-opening polymerization process of hexachlorocyclotriphosphazene and the dissolution behavior. Alkoxy, phenoxy and amino phosphazene derivatives polymer were mainly used as solid polymer electrolytes. Mostly, these phosphazene derivatives polymers were synthesized by first hot ring-opening polymerization to obtain polydichlorophosphazene, then by substitution with different functional chains. Hot ring-opening polymerization of hexachlorocyclotriphosphazene was conducted at 250 for 6-30hrs. To provide high-temperature reaction conditions is the first difficulty in the study. Salt bath, wax bath, oil bath etc. were introduced in the literatures. Taking into account the long time of high-temperature reaction (usually more than 10 hrs), the apparatus must be safety during high temperature. So ceramic muffle furnace with programmed temperature controller was selected as the reactor. After polymerization, the Amp bottles were broken in petroleum ether, and the unreacted monomer was removed. Then the solution was filtered and dissolved in THF. At start, the solution was transparent and can be used in the next reaction. But after 6hrs, the solution became turbid; after 12hrs, the solution delaminated and gel was observed at the bottom of container. We also tried benzene, toluene as solvents and the similar phenomenon were observed. So polydichlorophosphazene solutions can not be conserved for a long time. MEEP Structural Analysis. The NMR spectra of MEEP were shown in Figure 1 .
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Manufacturing Processes and Systems Fig. 1 The NMR spectra of MEEP Fig.1(a) was the 1 H-NMR spectrum of MEEP, and the peaks at δ = 2.1 and 2.3 corresponded to the hydrogen atoms on methylene and methyl group in the side chain of MEEP. Fig.1(b) was 13 C-NMR spectrum of MEEP and the peak at δ = 29.9 corresponded to the carbon of C-O group in the side chain of MEEP. Fig.1(c) was the 31 P-NMR spectrum of MEEP. The chemical shift of P in hexachlorocyclotriphosphazene was 20.1, but in Fig.1 (c) the peak at δ=29.9 disappeared and a new peak at δ=-7.8 appeared, which indicates that new structure of P have formed, i.e. MEEP is obtained.
The result of MALDI-TOF mass spectrometry of MEEP was shown in Figure 2 . The gap between neighbored peaks was the relative unit molecular weight in the MALDI-TOF mass spectrum. It can be seen from Figure 2 that the gap was 283.8 which is corresponded to the weight of repeat unit of MEEP and the molecular weight of MEEP was up to 3400, and had a wide distribution, which present that MEEP is suitable to make solid electrolyte. Thermal stability of polyphosphazene electrolyte. The results of thermalgravimetric analysis (TGA) were shown in Figure 3 . temperature of weight loss of 5% was 280 , which shows that MEEP has good heat stability.
Meanwhile the retention at 600 of MEEP was up to 59.2wt%, which means MEEP has good flame retardance. Fig.3(b) indicated that the complex of MEEP with Li + salt decomposes at 200 .
Compared to TGA curve of MEEP( Fig.3(a) ), the TGA of polyphosphazene electrolyte had three decomposition plateaus. The first plateau was the decomposition process of MEEP, the second and third plateaus were corresponded to processes of complexes of MEEP with Li + salt, which means that new two complexes of MEEP with Li + are formed. These two complexes are the important carrier for conducting conducting Li ions, which is important significance for studying the ion conducting mechanism of polymer Li + electrolyte.
Ion conducting properties of polyphosphazene electrolyte. Figure 4 was the ion conducting properties of polyphosphazene electrolyte with different mol ratio of Li + salt with MEEP.
From Fig.4 , it can be seen that the ion conductivities increased linearly with increasing of temperature. Meanwhile, the ion conductivities of polyphosphazene electrolytes varied with different mol ratios of Li + with MEEP. The ion conductivity of electrolyte decreased with increasing of mol ratio of Li + /MEEP at room temperature. But when the ratio was lower to be 0.1, the conductivity was very low, which indicates that the ratio can not be much smaller and the optimal ratio of Li + /MEEP was in the range of 0.125~0.25.
Conclusion
The ring-opening polymerization of hexachlorocyclotriphosphazene was conducted and MEEP was prepared by reacting polydichlorophosphazene with alcohol sodium. The structure of MEEP were characterized by NMR and MALDI-TOF Mass. The solid polyphosphazene electrolyte was prepared by complexing LiCF 3 SO 3 with MEEP, and its heat stability and ion conductivity were researched. The results shown that the ion conductivity of solid phosphazene polymer electrolyte was up to 1.187×10 -4 S/cm(25 )，which is higher than the conductivity reported in literatures.
